The main purpose of this study was to obtain information about the actual precision of angle measurements with two instruments (Trimble M3 1 "and South NTS-362R), realizable in given measurement conditions. This object is achieved by using a simplified method of testing instruments contained in the PN-ISO 17123-3 standard [1] . This is a continuation of research described in [2] , carried out on the same test base, but this time in a different, less favorable field conditions. The use of the same instrument has created an opportunity to compare and analyze the measurement results. The scope of work includes the measurement and results preparation along with statistical processing of the obtained results for both instruments.
STUDY USING SIMPLIFIED METHOD IN ACCORDANCE WITH PN-ISO 17123-3 STANDARD
According to the PN-ISO 17123-3 standard [1] theodolites testing can be performed using two procedures. Full testing procedure, allows to define the highest achievable accuracy of the instrument in a variety of possible conditions. While a simplified testing procedure gives information what is the accuracy of measuring equipment in the current measurement conditions. Continuing research described in [2] was used simplified procedure.
The subject of testing were two total stations: Trimble M3 1 " (Fig. 1a) and South NTS-362R (Fig. 1b) . Comparison of the basic technical parameters relating to horizontal and vertical angles measurement of the tested instruments are listed in Table 1 . Measuring base for horizontal angles consisted of four clearly identifiable, clearly visible targets, symmetrically arranged around at the height of the horizon of telescope. The test consisted of three series of measurements to four points.
Measured points were observed in each series in face I position of the telescope clockwise and in face II position of the telescope in opposite direction to clockwise. Bearing of encoder disk was changed by about 67gon after each series. Measurement base for vertical angles were four targets located on the wall of the building, covering about 30gon range of vertical angle. Measurements were carried out with both instruments at the same time from the two adjacent stations. In contrast to the measurement conditions during previous research targets were not equally exposed. Two of them were in the shade, and the other two were heavily sunny. They were also different weather conditions: higher air temperature and strong wind.
ANALYSIS OF HORIZONTAL AND VERTICAL ANGLE MEASUREMENT ACCURACY OF TESTED IMSTRUMENTS
On the basis of field measurements, calculations were carried out according to the recommendations of PN-ISO standard [1] . The results of measurements and calculations are summarized in Tables 2 and 3 , for Trimble M3 1 "and in Tables  4 and 5 for South NTS-362R. The resulting accuracy of Trimble M3 for horizontal angles is 0,5 mgon ( Table 2) . The same result is for vertical angles (Table 3) . So these are the values that are at the limit of accuracy the specified by the manufacturer and declared in a factory data (Table 1) . The resulting accuracy of South NTS-362R for horizontal angles is 0,68 mgon (Table 4) . While resulting accuracy of South NTS-362R for vetical angles is 0,73 mgon (Table 5) . So these are the values that are at the limit of accuracy the specified by the manufacturer and declared in a factory data (Table 1) . In this case, the values are exceeding the accuracy of the horizontal and vertical angle defined by the producer. These values are also greater than those obtained with the same instrument and the same method in better measurement conditions [2] . The results of measurement accuracy obtained by using a simplified method may raise doubts as to the value declared by the manufacturer, so the article attempts to verify the accuracy of measurement using statistical methods.
VERIFICATION OF TOTAL STATIONS ANGLES MEASURING ACCURACY BY STATISTICAL METHODS
To check the resulting measurement accuracy of total stations Trimble M3 and South NTS-362R and verify the correctness the performed procedure statistical tests: the sign test and the Shapiro-Wilk test were used. While to verify measuring accuracy declared by the manufacturers test χ2 was used [2, 3, 4, 5, 6] . Systematic influence of factors on the average value in the series of measurements can be determined using the sign test. This test, as the name suggests, is based on signs of differences between pairs of successive observations (whether they are negative or positive). You can specify the probabilities associated with all the proportions (occurrence of +/-signs) that could occur. Knowing the probability of each directional change, you can assess whether the results are significant [4, 5, 6] . In order to verify that the measurements are not affected by systematic errors signs test offered in the package Statistica 7.0 was used. The method of verification of the hypotheses proposed in this program was also used. If the level of significance for the designated value of the statistics is less than the assumed level of significance (p-value<0,05) the hypothesis that the measurements do not contain systematic errors should be adopted (Table 6 and 7). There is a lack of systematic errors in both cases, which leads us to the conclusion about the suitability of the tested equipment for surveying. Test Shapiro-Wilk test is a non-parametric test of the random variable as (1) [4, 5, 6 ]:
where: xjq -value of the elements of sample, ai(n) -constants (tabulated in the tables Shapiro-Wilk) If the determined statistics W, belongs to the interval (Wd (1/2 α;n) ; ∞) there are no grounds to reject the hypothesis of normal distribution of measurement errors, hence the request for the normal distribution of errors. The lower limit of the range for α = 0,05, read from the Shapiro-Wilk tables is Wd=0,828. The calculated value of the Shapiro-Wilk statistic for horizontal angles W= 0,98331 belongs to the interval (0,828; ∞), so normal distribution of errors and proper operation of Trimble total station for measuring horizontal angles can be concluded.
The calculated value of the Shapiro-Wilk statistic for vertical angles W= 0,87833 belongs to the interval (0,828; ∞), so normal distribution of errors and proper operation of Trimble total station for measuring vertical angles can be concluded. The calculated value of the Shapiro-Wilk statistic for horizontal angles W= 0,96040 belongs to the interval (0,828; ∞), so normal distribution of errors and proper operation of SOUTH total station for measuring horizontal angles can be concluded. The calculated value of the Shapiro-Wilk statistic for vertical angles W= 0,92182 belongs to the interval (0,828; ∞), so normal distribution of errors and proper operation of SOUTH total station for measuring vertical angles can be concluded. The χ2 test was used to check whether the accuracy of the angle measurement is less than or equal to the value declared by the manufacturer at the significance level of 0.05. χ2 test is the most commonly used test. You can use it to examine the compatibility of both characteristics: measurable and immeasurable [5, 6] . If the results of the measurements are normally distributed and the number of results is less than 50 χ2 test can be used (2): ] interval There is a reason to reject the hypothesis that the estimate of the standard deviation obtained in simplified method of total station testing is equal to measurement accuracy declared by the manufacturer. On the basis of the analyzes (Table 8 and 9) it may be stated that tested equipment meets declared accuracy of measuring horizontal and vertical angles.
CONCLUSIONS
Based on conducted measurements and tests following conclusions can be formulated: -signs test showed no influence of systematic errors of horizontal and vertical angles measurements with both instruments, -Shapiro-Wilk statistic confirmed normal distributions of errors and correctness of total stations angle measurements,
-the 2  test showed that tested equipment meets declared accuracy of measuring horizontal and vertical angles, -equipment is suitable for making geodetic measurements.
